A long non-coding RNA named HOXA transcript at the distal tip (HOTTIP) has been reported to be significantly increased in several cancers, including hepatocellular cancer, pancreatic cancer and lung cancer. However, the clinical value of HOTTIP expression in gastric cancer remains unknown. The present study aimed to investigate HOTTIP expression levels in gastric cancer and to elucidate its clinical significance. Reverse transcription polymerase chain reaction was used to assess the expression level of HOTTIP in gastric cancer cell lines and tissues. In a cohort of 94 patients with gastric cancer, HOTTIP expression was significantly lower in cancer tissues compared with the normal adjacent tissues. In addition, receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic value of HOTTIP in gastric cancer, and the area under the ROC curve was 0.767. In conclusion, the results of the present study indicated that HOTTIP may be a predictive biomarker for gastric cancer.
Introduction
Gastric cancer is one of the most frequent causes of cancer-associated mortality worldwide, with ~951,600 new cases and 723,100 mortalities occurring in 2012 (1) . Although developments in early diagnosis, surgery, adjuvant chemotherapy and targeted therapies have improved, the prognosis of patients with gastric cancer and their long-term survival remains unsatisfactory (2) . Numerous patients are diagnosed at a late stage and have a poor prognosis. Therefore, it is important and urgent to distinguish novel biomarkers in patients with gastric cancer for early diagnosis and to search for potential therapeutic targets.
Long non-coding RNAs (lncRNAs) are defined as transcripts containing >200 nucleotides without the capacity for coding proteins (3, 4) . A number of lncRNAs have been demonstrated to serve important functions in a wide range of diseases, including neurodegenerative diseases, chronic obstructive pulmonary disease and cancers (5, 6) . LncRNAs may function as oncogenes or tumor suppressor genes, and may be involved in the development or progression of cancers. Thus, lncRNAs may be used as cancer biomarkers for early diagnosis, as potential therapeutic targets and to predict cancer prognosis. Among these, homeobox (HOX)-associated lncRNAs are biologically important. For instance, HOX transcript antisense RNA (HOTAIR) and HOXA transcript at the distal tip (HOTTIP) are the most frequently studied in this area. HOTAIR is a lncRNA of 2,158 nucleotides in length, which is expressed in the HOXC locus of chromosome 12 (7) . It has been reported to be a pro-oncogenic factor and a negative prognostic factor in several types of cancer, including breast, pancreatic, gastric, colorectal and bladder cancer (8) (9) (10) (11) (12) .
Another lncRNA, HOTTIP, is an antisense non-coding transcript located at the 5' end of the HOXA gene cluster. It has been reported to directly bind the adaptor protein WD repeat-containing protein 5 (WDR5) and to target WDR5/mixed lineage leukemia complexes, driving histone H3 lysine 4 trimethylation and gene transcription of distal HOXA genes (13) . Several previous studies have reported that, compared with normal adjacent tissues (NATs), HOTTIP expression was significantly increased in skin, hepatocellular, pancreatic, lung and tongue squamous cell cancer tissues (14) (15) (16) (17) (18) (19) (20) . HOTTIP may be involved in the progression of these cancers. However, the association between HOTTIP and gastric cancer remains unknown.
In the present study, the expression of HOTTIP was explored in gastric cancer tissues, and the associations between HOTTIP expression and clinicopathological characteristics were investigated. 
RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from tissue samples and five cell lines using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). The concentration and purity of total RNA was determined by using a Nano-Photometer UV/Vis spectrophotometer (Implen GmbH, München, Germany). A value of A260/A280>1.9 indicated good purity. Reverse transcription was performed using the PrimeScript RT reagent kit with gDNA eraser (Takara Biotechnology Co., Ltd., Dalian, China). qPCR analyses were performed using SYBR Premix Ex Taq (Takara Biotechnology Co., Ltd.) on a light cycler 480 II real-time PCR system (Roche Diagnostics, Basel, Switzerland). Each 25-µl PCR reaction mixture contained 0.3 µl forward and 0.3 µl reverse primers, 12.5 µl SYBR-Green mix, 2 µl gene cDNA and 9.9 µl RNase-free water. The reaction was amplified in 45 cycles of 95˚C for 5 sec, 60˚C for 30 sec and 72˚C for 30 sec. Specific primers for HOTTIP were based on the first and fifth splice variant. The sequences of the primers used were as follows: HOTTIP for wa rd, 5'-CGTAGAGACACAG G CAG CAG-3' a nd reverse, 5'-CAGCCGAACAGAGTCAGAGG-3'; GAPDH, forward 5'-CGGATTTGGTCGTATTGGG-3' and reverse, 5'-CTGGAAGATGGTGATGGGATT-3'. The RT-qPCR reactions were performed in triplicate. All reagents were used according to the manufacturer's protocol. The expression level of HOTTIP in gastric cancer tissues compared with NATs was calculated using the 2 -ΔΔCq method (22) . If the 2 -ΔΔCq value was <1, there was low expression in cancer tissues and cancer cell lines compared with NATs.
Statistical analysis. Statistical analysis was performed using SPSS software version 17.0 (SPSS, Inc., Chicago, IL, USA). The associations between HOTTIP expression and clinicopathological characteristics were tested using non-parametric tests: The Mann-Whitney U test for 2 groups and the Kruskal-Wallis test for ≥3 groups. Survival rates, including overall survival and disease-free survival were calculated using the Kaplan-Meier method with the log-rank test applied for comparison. A receiver operating characteristic (ROC) curve was used to evaluate the diagnostic value of HOTTIP expression levels. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of HOTTIP in gastric cancer.
Using RT-qPCR, significantly decreased HOTTIP expression levels were observed in MGC-803 cells, BGC-823 cells, SGC-7901 cells, HGC-27 and AGS cells compared with three NATs randomly selected from the patients (P<0.001; Fig. 1 ).
In addition, HOTTIP was detected in all 94 gastric cancer tissues and their paired NATs. Among the 94 patients with gastric cancer, 83% (78/94) of cases indicated that the expression of HOTTIP was decreased in gastric cancer tissues compared with their paired NATs (Fig. 2A) . Furthermore, HOTTIP expression was significantly decreased in cancer tissues compared with NATs (P<0.001; Fig. 2B) .
A ssocia t ions bet ween HOT T IP expression a n d clinicopathological characteristics.
The present study also investigated the associations between HOTTIP expression and clinicopathological parameters using non-parametric tests. No statistically significant association was observed between HOTTIP expression and any clinicopathological characteristic (Table I) .
Association between HOTTIP expression and patient survival time. To investigate the association between HOTTIP expression and the survival time of patients with gastric cancer, Kaplan-Meier analysis was performed. The median relative expression levels of HOTTIP were used to divide patients into high and low expression groups. Kaplan-Meier analyses indicated there was no significant prognostic difference between patients with high and low HOTTIP expression (Fig. 3) .
The diagnostic value of using HOTTIP as a biomarker.
To evaluate the diagnostic value of HOTTIP for distinguishing gastric cancer tissue from normal tissue, a ROC curve was constructed. The area under the ROC curve (AUC) was 0.767 (P<0.001; Fig. 4 ), which indicated that HOTTIP is a potential biomarker for gastric cancer.
Discussion
The prognosis of gastric cancer remains poor as the majority of patients are diagnosed at a late stage, when treatments are less effective (2, 23) . Thus, cancer screening and early diagnosis serve an important function in the survival of patients with gastric cancer. The identification of novel and specific biomarkers is of great clinical value for the diagnosis and treatment of gastric cancer. Multiple previous studies have reported that lncRNAs are involved in cancer pathogenesis and may provide novel insight into the biology of this disease (5, 6) , where they may act as oncogenes or tumor suppressors. A number of previous studies have reported that HOTAIR may possess pro-oncogenic functions and that it is involved in multiple cancers (8) (9) (10) (11) (12) . Similarly, a number of studies have demonstrated that HOTTIP may serve as a critical regulator in certain cancers. For example, Quagliata et al (15) reported that HOTTIP and HOXA13 were highly expressed in patients with hepatocellular carcinoma, where they were associated with metastasis and poor survival. Li et al (17) reported that HOTTIP was upregulated in pancreatic cancer and may promote cancer cell proliferation, invasion and chemoresistance by regulating HOXA13. However, another previous study reported that in pancreatic cancer cells, HOTTIP did not regulate HOXA13 but was involved in the regulation of certain HOX genes, including  HOXA1, HOXA9, HOXA10, HOXA11 and HOXB2 (16) . Deng et al (19) reported that HOTTIP promoted tumor growth and inhibited cell apoptosis in lung cancer. In conclusion, dysregulated expression of HOTTIP has been associated with a wide variety of biological characteristics of tumors, and exists in multiple cancers.
To the best of our knowledge, this is the first report to investigate the value of HOTTIP in gastric cancer. The present results indicated that HOTTIP expression was significantly downregulated in gastric cancer tissues compared with NATs among 94 patients (P<0.001). Furthermore, a ROC curve was constructed to evaluate the diagnostic value of HOTTIP in gastric cancer. The results revealed that the AUC was 0.767, suggesting that HOTTIP had potential diagnostic value in gastric cancer. Previously, multiple studies reported that in different types of cancer there was abnormal expression of lncRNA, indicating that the same lncRNA may serve different functions in different types of cancer. For instance, a lncRNA named SPRY4 intronic transcript 1 (SPRY4-IT1) was reported to be overexpressed in melanoma, renal cell carcinoma, esophageal squamous cell carcinoma, breast cancer, bladder cancer and glioma, and associated with poor prognosis and promotion of tumor growth (24) (25) (26) (27) (28) (29) . Certain studies also demonstrated that SPRY4-IT1 expression was decreased in non-small-cell lung cancer and gastric cancer, and acted with significant antitumor function in these two types of cancer (30, 31) . Similarly, HOTTIP may exhibit a tissue-specific expression pattern and serve a different function in different types of cancer, as with SPRY4-IT.
A number of studies have reported that lncRNAs may act on their neighboring protein-coding genes in a cis-manner (32, 33) . HOTTIP is located the 5' end of the HOXA gene cluster, and Wang et al (13) demonstrated that chromosomal looping may make HOTTIP in close proximity to gene targets, thus, HOTTIP may be involved in the regulation of its neighboring HOXA genes. It was reported that HOTTIP may regulate the expression of HOX genes, including HOXA1, HOXA9, HOXA10, HOXA11 and HOXA13, in liver cancer and pancreatic cancer (15) (16) (17) . In addition, numerous studies have reported that aberrant expression of HOXA genes was associated with a number of biological characteristics of gastric cancer (34) (35) (36) (37) . HOTTIP may be critical in regulating HOXA genes in gastric cancer, but the underlying mechanism remains unknown and requires additional study.
In summary, the results of the present study indicated that lncRNA HOTTIP expression was decreased in patients with gastric cancer, and that HOTTIP may be a predictive biomarker in gastric cancer. However, the underlying molecular mechanisms through which HOTTIP is involved in gastric cancer require further study. 
